Background: Physiotherapists commonly use hydrotherapy as a treatment approach for various types of conditions. As hydrotherapy utilizes the hydrodynamic properties of water to promote relaxation and decrease pain perception, previous research has suggested that hydrotherapy may help to decrease the health burden of musculoskeletal conditions. The aim of this review was to critically examine literature investigating (a) the benefits of hydrotherapy on reducing pain and disability associated with chronic musculoskeletal conditions, and (b) report on literature findings regarding the perceived benefit of hydrotherapy on the wellbeing of adults with chronic musculoskeletal conditions. Methods: Select electronic databases were searched to identify relevant articles.
INTRODUCTION
Musculoskeletal (MSK) conditions are a major health burden worldwide.(1) MSK pain or more specifically chronic MSK pain (pain every day for 3 or more months) is an area which is under-reported in the research.(1) Over the past 40 years the prevalence of chronic MSK pain has increased two-to fourfold, causing disability within approximately 11% to 25% of adult populations worldwide. (1) Research suggests that the prevalence of MSK conditions will continue to increase. (1, 2) This surmise is based on the increasing sedentary lifestyle of adults, which in turn has led to higher proportions of overweight and obesity in adult populations worldwide. (1) Current evidence has identified links between obesity and the development of chronic MSK conditions, thus as obesity continues to increase, the proportion of the population suffering from MSK conditions is anticipated to increase as well. (1) Currently research is focused on identifying the best treatment options for these types of conditions. Conclusive evidence has shown that exercise is the best nonpharmacological treatment for osteoarthritis (OA), chronic lower back pain (CLBP) and other chronic MSK conditions (2) (3) (4) as it helps to reduce condition related pain, improve physical function and enhance quality of life (QOL). (2, 4) Furthermore, research shows that exercise in water, often referred to as hydrotherapy, aquatic therapy or aquatic exercise, can help to decrease the burden of MSK conditions. (2) For the purpose of this review, the term hydrotherapy will be used to describe all water-based therapy including aquatic therapy and aquatic exercise.
Hydrotherapy sessions are performed in ordinary water (5) at a recommended temperature of 33.5°C to 35.5°C. (6) This temperature range helps to provide immediate and delayed therapeutic effects without over-cooling or over-heating during exercise. (6) In combination with water temperature, the compressive properties of water aid to promote muscle relaxation and reduce joint swelling. (5, 6) These compressive effects also help to increase muscle blood flow above dry land exercise by 225% in turn increasing the oxygen availability to skeletal muscles (6) and thereby helping to promote relaxation and tissue healing. In addition, as water immersion helps to decrease the gravitational load on the body, (6) hydrotherapy allows individuals to perform exercises that they may not be able to do on land. (7) Given these benefits of hydrotherapy, physiotherapists commonly use this modality as a treatment option for MSK conditions, and a variety of other conditions, as it allows the use of water's hydrodynamic properties in combination with movement to facilitate and restore function. (8) Apart from the physiological effects, recent studies have started to assess the impact of hydrotherapy on wellbeing. (6) Wellbeing is a state of mental health or a person's psychological functioning which encompasses life satisfaction, happiness, selfesteem and the ability to develop and maintain relationships. (9) Within most studies, QOL outcome measures with a mental health component are utilized indirectly to make conclusions about the effects of hydrotherapy on wellbeing. (10) (11) (12) By observing the effect of hydrotherapy on QOL, studies have shown that hydrotherapy helps to reduce anxiety scores and improve perceived wellbeing equal to, or greater than, land-based exercise (LBE) as warm water-immersion decreases sympathetic nervous system activity thereby increasing parasympathetic nervous system activity, eliciting a relaxation response.(6) Hydrotherapy also reduces the risk of falling during exercise to a greater extent than on land, once again impacting the wellbeing of the participant. (6) Within current literature, there is a plethora of evidence outlining the physical benefits of hydrotherapy, yet a critical review of this literature is needed to summarize the evidence investigating the benefits of hydrotherapy on reducing pain and disability associated with chronic MSK conditions and how this can impact QOL.
For the purpose of this review, we are to report on any findings within the literature regarding the perceived benefit of hydrotherapy on the wellbeing of adults suffering from chronic MSK conditions.
MATERIALS AND METHODS
PubMed, PEDro, the Cochrane Library, CINAHL and Google Scholar electronic databases were searched using key words (detailed in Table 1 ). Following the removal of all duplications, journal titles and the article abstracts were screened against the selected inclusion criteria. The inclusion criteria used were (a) articles were published between the years of 2010 to 2014; (b) all articles reported original research; (c) participants included individuals with a chronic MSK condition; and (d) an aquatic-based intervention (hydrotherapy) formed part of the study.
Insert table 1 here
Retained articles were then subjected to exclusion criteria to ensure only research aligning with the review's aims were included. Exclusion criteria were (a) full text was unavailable and could not be acquired; (b) articles were not published in English and were unable to be translated into English; (c) the reported study did not include adult participants; or (d) the treatment modalities in the study included whirlpool therapy, spa-therapy, Balneotherapy, thermal mineral water therapy, Kneipp hydrotherapy or aqua fitness. Articles were excluded firstly by screening the article's title then screening the article's abstract. Articles meeting the criteria for this review were then critically appraised.
The methodological quality of all included articles was assessed using the Downs and Black Checklist, a tool used for grading the methodological quality of research articles. (13) The checklist allows for the assessment of both randomized and nonrandomized studies of health care interventions. The checklist addresses five subcategories including reporting quality, external validity, internal validity (bias), internal validity (confounding) and statistical power. The checklist consist of 27items for which each item is provided a score of 1=Yes, 0=No or 0=Unable to determine. Two of these questions have a greater scoring power. Item 5 can be scored from 0-2 points, where 1 point is awarded for partially detailing confounders and 2 points for definitively detailing confounders. Item 27 is scored from 0-5 points based on sample size where a larger sample is worth more points. For the purpose of this review, item 27 was scored with either 1 point where the study outlined the power of their sample size or 0 points where the study did not describe the power of their sample size. Scores were converted to a percentage of the total score by dividing each article's raw score by 28 points, total possible score, and multiplying it by 100%. All studies were independently rated by the two authors (AC, RO) with the 
RESULTS
The literature search identified 1421 potential articles for screening. Following the removal of duplicates, 1390 titles were screened. Of these 38 met the inclusion criteria based on title of which 29 were excluded following a review of abstracts. A full-text assessment and critical appraisal was performed on the nine remaining articles. The overall search process is shown in the PRISMA diagram ( Figure 1 ).
Insert figure 1 here
The mean methodological quality scores produced using the Downs and Black protocol(13) was 20.3±4.6 out of 28 points (73%), ranging from 13 out of 28 or 46% (14) to 27 out of 28 or 96%(15) (See Table 2 ). The inter-rater agreement for this review was considered almost perfect (k= 0.87). (16) The most notable limitations of these studies were the lack of reporting on the risk of adverse events, identifying if participants were representative of the entire population from which they were recruited, calculating power to detect if the intervention yielded a clinically important effect and the ability to blind the participants to the intervention. Notable strengths of the studies included outlining the aim, main outcomes to be measured, detailing study inclusion and exclusion criteria and administering appropriate statistical tests to assess the main outcomes.
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Description of included studies
Seven out of the nine studies included in this review involved both male and female participants. (15, (17) (18) (19) (20) (21) (22) In all but one of these seven studies, (20) the number of female participants were greater than male participants. Of the remaining two studies, one (14) included only female participants while the other(23) did not specify participant gender. The total number of participants in each study varied widely from 12 (18) to 149. (19) Likewise, the age of participants was variable ranging from means of 48.7(23) to 73.5 (20) years of age.
The nature of the pathologies investigated were diverse. Four studies looked specifically at CLBP (14, 17, 18, 20) , four studies looked specifically at knee OA (15, 19, 21, 22) and one study looked at CLBP, OA and chronic neck pain.(23) All hydrotherapy interventions were 40 to 60 minutes in length, with the exception of one study, which did not specify session duration. (21) The number of sessions varied between 2x/week, (19) (20) (21) 23 ) 3x/week (15, 19, 22, 23) to 5x/week. (14, 17, 19) One study did not state the number of sessions conducted per week. (18) Hydrotherapy intervention study durations varied from six weeks (18) to 52 weeks(23) with the most common duration was 10 to 12 weeks. (14, (20) (21) (22) Differences in water temperature were also noted, most aquatic-based interventions occurred within a 29.0°C to 30.0°C pool (17, 19, 22, 23) or 32.0°C to 34.0°C pool. (15, 18, 19 ) Three studies did not state the temperature of the water where the intervention took place. (14, 20, 21) Detailed characteristics of the included studies can be found in Table 3 .
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Many different health-related variables were assessed across all nine studies. The most common outcomes assessed included pain, (14, 15, 17, 18, 21, 22) QOL, (15, 17, 19-23) condition related disability (15, 17, 19, 20, 23) OA was assessed using either the 19-item Disability Index (DISINDX) (19) or Western Ontario and McMaster Universities Arthritis Index (WOMAC). (15, 23) Finally functional exercise capacity was assessed through health related fitness measures such as sit-and-reach, handgrip strength, curl-ups (upper and lower limb strength), the Rockport 1-mile test (17) and the six-minute walk test (21, 22) (walking speed/ mobility).
Pain was found to be significantly reduced across all six of the studies that specifically assessed pain following a hydrotherapy intervention. (14, 15, 17, 18, 21, 22) These studies included populations with CLBP (14, 17, 18) and knee OA. (15, 21, 22) This result was consistent when hydrotherapy was compared to a control group. (14, 15, 17, 22) While two studies found a significant change in pain between hydrotherapy and control groups in patients with CLBP, (14, 17) Lim et al (15) As pain decreased following hydrotherapy, it was also noted that QOL increased.
This trend was noted in all seven articles assessing the effect of hydrotherapy on QOL. (15, 17, 19- In populations with OA, QOL was also found to increase following hydrotherapy. (15, 19, 21) Lau et al (21) observed a significant improvement in mobility, pain and mood following hydrotherapy. Of note however, this research did not include a control group against which to compare change. Considering this, Cadmus et al (19) did find that PQOL improved following hydrotherapy when compared to a control group.
However improvement in PQOL following hydrotherapy was only seen in participants classified as obese. Condition related disability was assessed in seven of the studies included in this review. (15, 17, (19) (20) (21) (22) (23) All studies found significant decreases in disability following hydrotherapy. The three studies that compared hydrotherapy to LBE found a significant reduction in disability following both interventions as well. (15, 20, 22) These findings show that physical activity is an important management tool for individuals with chronic MSK conditions as it can assist to decrease condition related disability, which in turn may also help to improve one's perception of wellbeing.
Significant improvements were seen in health related fitness measures, sit-andreach, handgrip strength, curl-ups, and the Rockport 1-mile test, following a hydrotherapy intervention as compared to a control group.(17) These results suggest that an improvement in functional exercise capacity can be provided by hydrotherapy treatments. A similar result was seen when looking at hydrotherapy and LBE compared to a control group where significant improvements in six-minute walk test results were observed. (22) As such the research suggests that that hydrotherapy and LBE can help improve walking speed/mobility (17, 21, 22) and health related fitness (upper limb and lower limb strength)(17) to a greater extent than no exercise intervention.
DISCUSSION
The aim of this review was to (a) critically analyze recent literature investigating the benefits of hydrotherapy on reducing pain and disability associated with chronic MSK conditions thus improving QOL and (b) to report findings within the literature regarding the perceived benefit of hydrotherapy on the wellbeing of adults suffering from chronic MSK conditions. After completing a search of recent literature, a wide range in quality of evidence was found when critiqued via the Downs and Black Checklist, where scores ranged from 46% to 96%. Thus more high quality evidence may be needed to strengthen this reviews findings and conclusions. Within this review, it was found that hydrotherapy and LBE both helped to reduce the impact of pain and disability as well as improve QOL and functional exercise capacity in populations suffering from chronic MSK conditions. Although the volume of evidence was minimal, the research also noted that, following hydrotherapy, the participant's perceived wellbeing was superior to those participants who followed a LBE protocol.
Hydrotherapy and its effects on pain
In the six articles (14, 15, 17, 18, 21, 22) Both water immersion and water temperature have been found to facilitate body relaxation and effect pain perception.(6) It has been noted that upon immersion in water, the parasympathetic nervous system function increases, suppressing the activation of the sympathetic nervous system, resulting in a lowered heart rate. (6) This variability of the heart rate associated with water immersion has been shown to affect how individuals perceive pain. (6) In addition it has also been suggested that with warmer water temperatures, parasympathetic activation increases thereby having a potential relaxing effect.(6) Facilitated by warmer water temperatures, this relaxation may also assist to reduce pain associated with MSK conditions. As such, Becker (6) states that water ranging from 33.5°C to 35.5°C is the preferred temperature for hydrotherapy pools as it prevents individuals from over-heating or becoming too cool while exercising and allows individuals to stay within the water for longer. (6) In the studies above, the water temperature ranged from 30°C (Wang et al (22)), to 32°C to 34°C(Bello et al (18)), to 34°C(Lim et al (15)). Thus the added benefits of temperature in combination with water immersion may not have been provided to participants within the hydrotherapy groups in studies by Bello et al (18) and Wang et al (22) as water temperatures used were generally below the threshold associated with therapeutic benefits for chronic MSK conditions. This difference in water temperature may provide a reason for the contradicting results.
Hydrotherapy and its effects on QOL
In the seven studies (15, 17, (19) (20) (21) (22) (23) ) that assessed QOL, an improvement was seen following participation in hydrotherapy for individuals with CLBP, chronic neck pain and OA. A significant decrease in disability (15, 17, (19) (20) (21) (22) (23) and improvement in functional exercise capacity (17, 21, 22) were observed in the hydrotherapy groups when compared to control groups in all studies. This result is consistent with previous research. (2, 3, 6, 24) Similar benefits have been seen within these populations following LBE (15, 19, 20, 22) Previous research notes similar physical health benefits following both hydrotherapy and LBE.(2, 6) Thus the physical improvements observed following hydrotherapy and LBE in each of these studies may be due to the general benefits exercise has on health and physical function. This improvement in physical function is likely to have assisted in improving QOL for all participants involved in an exercise intervention.
The study by Cadmus et al (19) serves as an example. In their study, a perceived improvement in QOL (using the PQOL scale) was observed following hydrotherapy; this improvement was considered to be mediated by changes to BMI. Of note however, the improvements in this instance were only noted within participants considered to be obese. (19) As such the result must be viewed with caution as a similar improvement in perceived wellbeing was not noted in patients within the normal BMI range. The impact of the properties of water; buoyancy, viscosity, temperature and hydrostatic pressure (7) ; may explain why PQOL was significantly improved for only the participants who where considered to be obese in the study by Cadmus et al. (19) These properties act to de-load the body reducing the impact of excess weight on the joints, making it easier for obese individuals to exercise (2, 6) a benefit that may have impacted other participants to a lesser degree.
Hydrotherapy and its effects on Wellbeing
While no studies meeting the review's inclusion criteria were found to focus specifically on the impacts of hydrotherapy on patient wellbeing, wellbeing can be indirectly inferred from QOL outcome measures. Individual preference of exercise type may have impacted on the overall benefit and sense of wellbeing following hydrotherapy. It has been noted in previous research that an individual's preference for exercise type may influence the effects on patient's pain, QOL, disability and functional exercise capacity as preference enhances compliance to exercise programs. (2, 3, 24) It can therefore be hypothesized that an individual's preference for exercise may impact their perceived benefit following a program, and thus indirectly influence the outcomes and their sense of wellbeing. Previous research by Barker et al (2) and Shamliyan et al (24) suggested that an intervention is more effective when exercise type is preferred by the participant as this increases compliance to the program (hydrotherapy or LBE). Considering this, exercise preference may be a motivator to exercise compliance and therefore those individuals who prefer hydrotherapy over LBE, may perceive hydrotherapy as more beneficial, thus improving their overall sense of wellbeing. The exploration of patient preference for hydrotherapy compared to LBE should be considered in future studies to assess if improved motivation to exercise performed during hydrotherapy positively affects a person's perceived wellbeing.
Limitations and challenges
Two key limitations of this review were the potential to miss relevant articles and the quality of the articles available for inclusion. The first limitation was due largely to the large variety of terms used within the literature to describe hydrotherapy (i.e. aquatic therapy, water therapy, aquatic physiotherapy, etc.) and wellbeing (well being, well-being, psychological effect, etc.). Thus some articles may have unintentionally been missed. Secondly, the quality of evidence identified within this review varied greatly as scores from the Downs and Black Checklist(13) ranged from 45% to 96%, this wide variation has the potential to influence the strength of findings presented in this review. 
